Experimental section
General: Unless specified, all non-aqueous reactions were run under an inert atmosphere (argon). All glassware was stored in the oven or flame-dried, and let cool under an inert atmosphere prior to use. Anhydrous solvents were obtained either by filtration through drying columns (THF, Et 2 O, CH 2 Cl 2 , DMF, CH 3 CN, toluene) on a GlassContour system (Irvine, CA), by distillation over potassium hydroxide (diisopropylamine, N,N-diisopropylethyl amine), or by distillation over sodium/benzophenone (dioxane). Analytical thin-layer chromatography (TLC) was performed on glass-backed silica gel plates (Merck 60 F254). Visualization of the developed chromatogram was performed by UV absorbance or staining with ceric ammonium molybdate. Silica gel chromatography was performed using 230-400 mesh silica (Silicycle). Melting points were obtained on a Buchi melting point apparatus and are uncorrected. Infrared spectra were taken on a Perkin Elmer Spectrum One FTIR instrument and are reported in reciprocal centimetres (cm -1 ). Nuclear magnetic resonance spectra ( 1 H, 13 C, COSY) were recorded either on a Bruker AV 300, AMX 300, AV 400, AMX 400, or DMX 700 spectrometer. Optical rotations were determined with a Perkin-Elmer 341 polarimeter at 589 or 546 nm. Data are reported as follows: [α] λ temp , concentration (c in g/100 mL), and solvent. High resolution mass spectra were performed by the Centre régional de spectroscopie de masse de l'Université de Montréal. Analytical SFC was performed at the Laboratoire d'analyse et de séparation chirale par SFC de l'Université de Montréal and data are reported as follows: column type, eluent, flow rate, temperature, backpressure, wavelength and retention times (Rt).
Reagents:
Propargyl bromide was purchased from Aldrich and filtered on a silica plug prior to use. All aryl iodides used in the Sonogashira reactions were commercially available from Aldrich and filtered through a silica gel plug prior to use, except for N-Boc-3-iodoindole, 1 and Trt-4-iodoimidazole, 2 which were prepared according to literature procedures. Copper iodide was purchased from Aldrich and purified by dissolving in a boiling saturated solution of aqueous NaI, followed by dilution with water, filtering and washing.
3 Benzophenone hydrazone, pnitrophenylchloroformate, potassium tert-butoxide, sodium hydride, N-methylmorpholine, isobutyl chloroformate, hydroxylamine hydrochloride, pyridine, Pd(PPh 3 ) 2 Cl 2 , all were purchased from Aldrich, Alfa Aesar, or Strem Chemicals and used without further purification. The amino acids, Fmoc-His(Trt), Fmoc-D-Trp(Boc), Fmoc-Ala, Fmoc-D-Phe, Fmoc-Lys(Boc), and D-Phe-OtBu, and coupling reagents, such as HBTU, all were purchased from GL Biochem™ and used as received.
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Synthetic Experimental Procedures and Characterization Data:
Representative procedure for the sodium hydride-promoted cyclization:
(2'RS)-1-((Diphenylmethylene)amino)-3-(tert-butyl-3'-phenyl-2'-propanoate)-4-methyleneimidazolidin-2-one (2) A solution of benzhydrylidene aza-propargylglycinyl-D-phenylalanine tert-butyl ester (1, 50 mg, 0.104 mmol, prepared according to reference 18) in 1 mL of anhydrous acetonitrile was treated with NaH (a 60% suspension in oil, 10.4 mg, 0.260 mmol). After 2 h, a small volume of water was added to the mixture, which was stirred for 15 min. The volume was concentrated, and partitioned between EtOAc and brine. The aqueous layer was separated and extracted three times with EtOAc. The combined organic layer was dried over Na 2 SO 4 , filtered, and evaporated to a residue, which was purified by silica gel chromatography using 30% 168.8, 158.9. 157.4, 138.5, 138.4, 137.7, 136.2, 130.3, 129.8, 129.5, 129.0, 128.4, 127.0, 82.8, 82.7, 56.6, 51.4, 33.6, 28.3 . Conversion of 2 into 3 occurred by double bond migration on standing over night. 
13
C NMR (100 MHz, CDCl 3 ) δ 169. 1, 163.7, 150.8, 138.2, 135.7, 130.9, 129.9, 129.6, 129.5, 129.3, 129.0, 128.8, 128.4, 127.0, 119.0, 106.2, 82.7, 57.6, 35.9, 28.4, 11 1694, 1445, 1392, 1276, 1152, 747, 693 .
Optimization for the sodium-hydride promoted cyclization Table 1 . Synthesis of N-amino imidazolin-2-one building block 3.
a Reaction performed with (t-Bu) 2 (o-biphenyl)PAuCl (5 mol %) and AgOTf (5 mol%).
b NMR Yield using 1,3,4 trimethoxybenzene as internal standard.
Benzhydrylidene aza-glycinyl-D-phenylalanine isopropyl amide (7)
tert-Butyl ester 5 (2.80 g, 6.32 mmol, prepared according to reference 18) was dissolved in 12 mL of a 1:1 DCM:TFA mixture, stirred for 2 h, and evaporated under reduced pressure. The resulting salt was dissolved in 70 mL of THF, cooled to −15 °C, treated sequentially with isobutyl chloroformate (0.96 mL, 7.35 mmol) and N-methylmorpholine (0.81 mL, 7.35 mmol), stirred for 15 min, treated with isopropylamine (0.73 mL, 8.48 mmol), stirred at −15 °C for 1.5 h, and rotary evaporated under reduced pressure to a residue, which was dissolved in EtOAc and washed with 5% NaHCO 3 (3 x 100 mL) and 5% citric acid (3 x 100 mL). The organic phase was dried over MgSO 4 , filtered, and evaporated under reduced pressure. The residue was purified by silica gel chromatography on silica gel using a 30-60% gradient of ethyl acetate in hexanes. Evaporation of the collected fractions afforded 1. 7, 154.8, 148.6, 136.5, 136.3, 131.3, 129.5, 129.4, 129.2, 128.3, 128.2, 128.0, 127.9, 126.9, 126.6, 54.7, 41.1, 38.4, 22 Toluene RT 0 100
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Benzhydrylidene aza-propargylglycinyl-D-phenylalanine isopropyl amide (8)
Benzhydrylidene aza-Gly-Phe-NHiPr (7, 1.25 g, 2.92 mmol) was dissolved in 15 mL of anhydrous THF, cooled to 0°C, treated with 1.1 eq. of tBuOK (360 mg, 3.21 mmol), stirred for 1 h, and treated dropwise with 1.3 eq. of propargyl bromide (0.42 mL, 3.79 mmol). The cooling bath was removed. The reaction was allowed to warm to room temperature and stirred overnight. The volatiles were evaporated under reduced pressure. The residue was purified by chromatography on silica gel using 15% EtOAc in hexanes as solvent system. Evaporation of the collected fractions gave propargyl semicarbazone 8 as a yellow oil (970 mg, 71%): R f 0. , J = 6.5 Hz), 1.10 (3H, d, J = 6.6 Hz), 2.07-2.08 (1H, m), 3.13 (1H, dd, J = 7.4, 13.6 Hz), 3.24 (1H, dd, J = 6.5, 13.7 Hz), 3.97-4.09 (3H, m), 4.56 (1H, q, J = 7.5, 14.4 Hz), 5.80 (1H, d, J = 7.5 Hz), 7.07 (1H, d, J = 7.6 Hz), 7.22-7.51 (15H, m).
13 C NMR (100 MHz, CDCl 3 ) δ 169. 8, 159.0, 157.9, 137.9, 136.7, 134.9, 129.9, 129.4, 129.1, 128.7, 128.3, 128.2, 127.8, 126.4, 78.0, 71.6, 55.8 (2'R)-1-((Diphenylmethylene)amino)-3-(3'-phenyl-N'-isopropyl-2'-propionamide)-4-methylene-imidazolidin-2-one (9) A solution of benzhydrylidene aza-propargylglycinyl-D-phenylalanine isopropyl amide (8, 758 mg, 1.63 mmol) in 8 mL of anhydrous acetonitrile was treated with NaH (a 60% suspension in oil, 195 mg, 4.88 mmol), stirred for 2 h, treated with a small volume of water, stirred for 15 min, and evaporated to a residue, which was dissolved in EtOAc and washed with brine. The aqueous layer was extracted with EtOAc (3 x 15 mL). The combined organic layer was dried over Na 2 SO 4 , filtered and concentrated under reduced pressure to a residue, which was purified by silica gel chromatography using 30% 167.7, 158.8, 158.7, 157.4, 137.6, 137.1, 136.8, 135.2, 130.0, 129.5, 129.1, 128.9, 128.7, 128.5, 128.3, 128.2, 127.9, 126.5, 84.7, 57.3, 50.1, 41.7, 32.1, 22.4, 22.3 (2'R)-1-p-Methoxybenzamido-4-methyl-3-(3'-phenyl-N'-isopropyl-2'-propionamide)-imidazolin-2-one (10) Benzhydrylidene 9 (260 mg, 0.56 mmol) was dissolved in 20 mL of pyridine, treated with hydroxylamine hydrochloride (154 mg, 2.23 mmol), heated to 60°C, and stirred for 12 h. The volatiles were evaporated under reduced pressure. The residue was dissolved in DCM and evaporated to remove residual pyridine. The residue was digested with EtOAc (2 x 20 mL) to remove insoluble hydroxylamine hydrochloride. Evaporation of the volatiles under reduced pressure afforded 280 mg of semicarbazide contaminated with oxime by-product. Without further purification, the crude semicarbazide (167 mg, 0.31 mmol) was dissolved in 3 mL of DCM, treated with 4-methoxybenzoyl chloride (106 mg, 0.62 mmol) and DIEA (0.16 mL, 0.93 mmol), stirred for 12 h, and washed with 5% citric acid (3 x 10 mL). The organic phase was dried over Na 2 SO 4 , filtered and evaporated under reduced pressure. The residue was purified by flash chromatography on silica gel using a gradient from 25% to 70% ethyl acetate in hexanes. 13 C NMR (100 MHz, CDCl 3 ) δ 168.7, 166.4, 163.1, 154.6, 138.0, 130.1, 129.3, 129.0, 127.3, 123.2, 119.6, 113.9, 111.2, 61.6, 55.7, 42.3, 35.3, 22.9, 22.7, 10.7. IR (neat): 1661 168.7, 166.4, 163.1, 154.6, 138.0, 130.1, 129.3, 129.0, 127.3, 123.2, 119.6, 113.9, 111.2, 61.6, 55.7, 42.3, 35.3, 22.9, 22.7, 10.7. IR (neat): , 1599 168.7, 166.4, 163.1, 154.6, 138.0, 130.1, 129.3, 129.0, 127.3, 123.2, 119.6, 113.9, 111.2, 61.6, 55.7, 42.3, 35.3, 22.9, 22.7, 10.7. IR (neat): , 1533 168.7, 166.4, 163.1, 154.6, 138.0, 130.1, 129.3, 129.0, 127.3, 123.2, 119.6, 113.9, 111.2, 61.6, 55.7, 42.3, 35.3, 22.9, 22.7, 10.7. IR (neat): , 1502 168.7, 166.4, 163.1, 154.6, 138.0, 130.1, 129.3, 129.0, 127.3, 123.2, 119.6, 113.9, 111.2, 61.6, 55.7, 42.3, 35.3, 22.9, 22.7, 10.7. IR (neat): , 1253 168.7, 166.4, 163.1, 154.6, 138.0, 130.1, 129.3, 129.0, 127.3, 123.2, 119.6, 113.9, 111.2, 61.6, 55.7, 42.3, 35.3, 22.9, 22.7, 10.7. IR (neat): , 1174 Figure 1 ). The variation in the amide chemical shift as a function of DMSO-d 6 (1 to 100%) in CDCl 3 was measured to distinguish between solvent-shielded (hydrogen-bonded) and exposed hydrogen (see supplementary Figure 2 ).
Representative procedure for the Sonogashira cross-coupling:
Benzhydrylidene aza-phenylpropargylglycinyl-D-phenylalanine tert-butyl ester (14a) A solution of benzhydrylidene aza-propargylglycinyl-D-phenylalaninyl tert-butyl ester (1, 500 mg, 1.04 mmol, prepared according to reference 18) in 10 mL of a 1:1 (v/v) DMF:Et 2 NH mixture was treated with Pd(PPh 3 ) 2 Cl 2 (73 mg, 0.104 mmol), CuI (40 mg, 0.208 mmol), and iodobenzene (0.15 mL, 1.35 mmol) under inert atmosphere. The solution was stirred for 12 h, diluted with 40 mL of EtOAc, and washed with saturated NaHCO 3 (3 x 50 mL). After drying over Na 2 SO 4 , the solution was filtered, and concentrated under reduced pressure to a residue, which was purified by silica gel chromatography using 30% Et 2 O in petroleum ether to give azadipeptide 14a as orange foam (504 
13
C NMR (100 MHz, CDCl 3 ) δ 171. 3, 158.2, 157.7, 139.3, 137.0, 136.2, 132.0, 130.4, 130.2, 130.1, 129.8, 129.1, 129.0, 128.8, 128.7, 128.6, 127.3, 123.4, 84.8, 84.5, 82.3, 55.5, 38.9, 36.4, 28.5 
Benzhydrylidene aza-p-methoxyphenylpropargylglycinyl-D-phenylalanine tert-butyl ester (14b)
Using the representative procedure, ester 1 (500 mg, 1.04 mmol) was reacted with 4-iodoanisole (316 mg, 1.35 mmol), and the product was purified with silica gel chromatography using 30% Et 2 O in petroleum ether to give aza-dipeptide 14b as orange foam (522 5, 156.8, 138.5, 136.2, 135.4, 132.7, 129.9, 129.6, 129.4, 129.3, 129.0, 128.3, 128.2, 128.0, 127.1, 126.5, 114.7, 113.5, 83.6, 82.5, 81.5, 54.9, 54.8, 38.1, 35.7, 27.7 
Benzhydrylidene aza-p-ethoxycarbonylphenylpropargylglycinyl-D-phenylalanine tert-butyl ester (14d)
Using the representative procedure, ester 1 (100 mg, 0.208 mmol) was reacted with ethyl 4-iodobenzoate (45 µL, 0.27 mmol), and the product was purified by silica gel chromatography using a gradient from 30% Et 2, 166.4, 158.2, 158.0, 139.1, 136.9, 136.0, 131.8, 130.5, 130.2, 130.2, 130.1, 129.8, 129.7, 129.0, 128.8, 128.6, 127.9, 127.2, 87.9, 83.7, 82.3, 61.5, 55.4, 38.9, 36.4, 28.4, 14.7. IR (neat): 2919 2, 166.4, 158.2, 158.0, 139.1, 136.9, 136.0, 131.8, 130.5, 130.2, 130.2, 130.1, 129.8, 129.7, 129.0, 128.8, 128.6, 127.9, 127.2, 87.9, 83.7, 82.3, 61.5, 55.4, 38.9, 36.4, 28.4, 14.7. IR (neat): , 2774 2, 166.4, 158.2, 158.0, 139.1, 136.9, 136.0, 131.8, 130.5, 130.2, 130.2, 130.1, 129.8, 129.7, 129.0, 128.8, 128.6, 127.9, 127.2, 87.9, 83.7, 82.3, 61.5, 55.4, 38.9, 36.4, 28.4, 14.7. IR (neat): , 2361 2, 166.4, 158.2, 158.0, 139.1, 136.9, 136.0, 131.8, 130.5, 130.2, 130.2, 130.1, 129.8, 129.7, 129.0, 128.8, 128.6, 127.9, 127.2, 87.9, 83.7, 82.3, 61.5, 55.4, 38.9, 36.4, 28.4, 14.7. IR (neat): , 1718 2, 166.4, 158.2, 158.0, 139.1, 136.9, 136.0, 131.8, 130.5, 130.2, 130.2, 130.1, 129.8, 129.7, 129.0, 128.8, 128.6, 127.9, 127.2, 87.9, 83.7, 82.3, 61.5, 55.4, 38.9, 36.4, 28.4, 14.7. IR (neat): , 1684 2, 166.4, 158.2, 158.0, 139.1, 136.9, 136.0, 131.8, 130.5, 130.2, 130.2, 130.1, 129.8, 129.7, 129.0, 128.8, 128.6, 127.9, 127.2, 87.9, 83.7, 82.3, 61.5, 55.4, 38.9, 36.4, 28.4, 14.7. IR (neat): , 1494 2, 166.4, 158.2, 158.0, 139.1, 136.9, 136.0, 131.8, 130.5, 130.2, 130.2, 130.1, 129.8, 129.7, 129.0, 128.8, 128.6, 127.9, 127.2, 87.9, 83.7, 82.3, 61.5, 55.4, 38.9, 36.4, 28.4, 14.7. IR (neat): , 1392 2, 166.4, 158.2, 158.0, 139.1, 136.9, 136.0, 131.8, 130.5, 130.2, 130.2, 130.1, 129.8, 129.7, 129.0, 128.8, 128.6, 127.9, 127.2, 87.9, 83.7, 82.3, 61.5, 55.4, 38.9, 36.4, 28.4, 14.7. IR (neat): , 1273 2, 166.4, 158.2, 158.0, 139.1, 136.9, 136.0, 131.8, 130.5, 130.2, 130.2, 130.1, 129.8, 129.7, 129.0, 128.8, 128.6, 127.9, 127.2, 87.9, 83.7, 82.3, 61.5, 55.4, 38.9, 36.4, 28.4, 14.7. IR (neat): , 1154 2, 166.4, 158.2, 158.0, 139.1, 136.9, 136.0, 131.8, 130.5, 130.2, 130.2, 130.1, 129.8, 129.7, 129.0, 128.8, 128.6, 127.9, 127.2, 87.9, 83.7, 82.3, 61.5, 55.4, 38.9, 36.4, 28.4, 14.7. IR (neat): , 1105 
Benzhydrylidene aza-m-trifluoromethylphenylpropargylglycinyl-D-phenylalanine tert-butyl ester (14e)
Using the representative procedure, ester 1 (500 mg, 1.04 mmol) was reacted with 1-iodo-3-trifluoromethylbenzene (0.19 mL, 1.35 mmol), and the product was purified by silica gel chromatography using 30% Et 2 O in petroleum ether to give aza-dipeptide 14e as a brown oil 5, 157.5, 157.4, 138.2, 136.1, 135.2, 134.2, 129.8, 129.7, 129.4, 129.3, 128.9, 128.4, 128.3, 128.1, 128.0, 127.8, 127.6, 127.5, 126.5, 124.4, 124.3, 123.5, 85.8, 82.1, 81.5, 54.7, 38.1, 35.7, 27.6. IR (neat): 1680 5, 157.5, 157.4, 138.2, 136.1, 135.2, 134.2, 129.8, 129.7, 129.4, 129.3, 128.9, 128.4, 128.3, 128.1, 128.0, 127.8, 127.6, 127.5, 126.5, 124.4, 124.3, 123.5, 85.8, 82.1, 81.5, 54.7, 38.1, 35.7, 27.6. IR (neat): , 1486 5, 157.5, 157.4, 138.2, 136.1, 135.2, 134.2, 129.8, 129.7, 129.4, 129.3, 128.9, 128.4, 128.3, 128.1, 128.0, 127.8, 127.6, 127.5, 126.5, 124.4, 124.3, 123.5, 85.8, 82.1, 81.5, 54.7, 38.1, 35.7, 27.6. IR (neat): , 1330 5, 157.5, 157.4, 138.2, 136.1, 135.2, 134.2, 129.8, 129.7, 129.4, 129.3, 128.9, 128.4, 128.3, 128.1, 128.0, 127.8, 127.6, 127.5, 126.5, 124.4, 124.3, 123.5, 85.8, 82.1, 81.5, 54.7, 38.1, 35.7, 27.6. IR (neat): , 1152 5, 157.5, 157.4, 138.2, 136.1, 135.2, 134.2, 129.8, 129.7, 129.4, 129.3, 128.9, 128.4, 128.3, 128.1, 128.0, 127.8, 127.6, 127.5, 126.5, 124.4, 124.3, 123.5, 85.8, 82.1, 81.5, 54.7, 38.1, 35.7, 27.6. IR (neat): , 1125 5, 157.5, 157.4, 138.2, 136.1, 135.2, 134.2, 129.8, 129.7, 129.4, 129.3, 128.9, 128.4, 128.3, 128.1, 128.0, 127.8, 127.6, 127.5, 126.5, 124.4, 124.3, 123.5, 85.8, 82.1, 81.5, 54.7, 38.1, 35.7, 27.6. IR (neat): , 1093 5, 157.5, 157.4, 138.2, 136.1, 135.2, 134.2, 129.8, 129.7, 129.4, 129.3, 128.9, 128.4, 128.3, 128.1, 128.0, 127.8, 127.6, 127.5, 126.5, 124.4, 124.3, 123.5, 85.8, 82.1, 81.5, 54.7, 38.1, 35.7, 27.6. IR (neat): , 1072 13 C NMR (100 MHz, CDCl 3 ) δ 171. 2, 158.3, 157.8, 149.5, 139.0, 136.9, 136.1, 134.9, 131.0, 130.4, 130.1, 129.8, 129.1, 129.0, 128.8, 128.6, 127.3, 125.5, 123.5, 120.5, 115.6, 115.5, 103.5, 88.2, 84.7, 82.3, 76.4, 55.5, 38.9, 36.6, 28.6, 28.4. IR (neat): 1733 2, 158.3, 157.8, 149.5, 139.0, 136.9, 136.1, 134.9, 131.0, 130.4, 130.1, 129.8, 129.1, 129.0, 128.8, 128.6, 127.3, 125.5, 123.5, 120.5, 115.6, 115.5, 103.5, 88.2, 84.7, 82.3, 76.4, 55.5, 38.9, 36.6, 28.6, 28.4. IR (neat): , 1681 2, 158.3, 157.8, 149.5, 139.0, 136.9, 136.1, 134.9, 131.0, 130.4, 130.1, 129.8, 129.1, 129.0, 128.8, 128.6, 127.3, 125.5, 123.5, 120.5, 115.6, 115.5, 103.5, 88.2, 84.7, 82.3, 76.4, 55.5, 38.9, 36.6, 28.6, 28.4. IR (neat): , 1491 2, 158.3, 157.8, 149.5, 139.0, 136.9, 136.1, 134.9, 131.0, 130.4, 130.1, 129.8, 129.1, 129.0, 128.8, 128.6, 127.3, 125.5, 123.5, 120.5, 115.6, 115.5, 103.5, 88.2, 84.7, 82.3, 76.4, 55.5, 38.9, 36.6, 28.6, 28.4. IR (neat): , 1451 2, 158.3, 157.8, 149.5, 139.0, 136.9, 136.1, 134.9, 131.0, 130.4, 130.1, 129.8, 129.1, 129.0, 128.8, 128.6, 127.3, 125.5, 123.5, 120.5, 115.6, 115.5, 103.5, 88.2, 84.7, 82.3, 76.4, 55.5, 38.9, 36.6, 28.6, 28.4. IR (neat): , 1366 2, 158.3, 157.8, 149.5, 139.0, 136.9, 136.1, 134.9, 131.0, 130.4, 130.1, 129.8, 129.1, 129.0, 128.8, 128.6, 127.3, 125.5, 123.5, 120.5, 115.6, 115.5, 103.5, 88.2, 84.7, 82.3, 76.4, 55.5, 38.9, 36.6, 28.6, 28.4. IR (neat): , 1231 2, 158.3, 157.8, 149.5, 139.0, 136.9, 136.1, 134.9, 131.0, 130.4, 130.1, 129.8, 129.1, 129.0, 128.8, 128.6, 127.3, 125.5, 123.5, 120.5, 115.6, 115.5, 103.5, 88.2, 84.7, 82.3, 76.4, 55.5, 38.9, 36.6, 28.6, 28.4. IR (neat): , 1150 2, 158.3, 157.8, 149.5, 139.0, 136.9, 136.1, 134.9, 131.0, 130.4, 130.1, 129.8, 129.1, 129.0, 128.8, 128.6, 127.3, 125.5, 123.5, 120.5, 115.6, 115.5, 103.5, 88.2, 84.7, 82.3, 76.4, 55.5, 38.9, 36.6, 28.6, 28.4. IR (neat): , 1098 13 C NMR (100 MHz, CDCl 3 ) δ 171. 7, 158.6, 158.5, 142.8, 139.6, 139.5, 137.4, 136.4, 130.6, 130.5, 130.4, 130.1, 129.5, 129.4, 129.1, 129.0, 128.9, 128.8, 127.6, 126.6, 123.9, 85.2, 82.6, 78.6, 76.5, 55.8, 39.3, 36.9, 28.8 
Sodium hydride-promoted cyclization:
(2'R, 4Z)-1-((Diphenylmethylene)amino)-3-(tert-butyl-3'-phenyl-2'-propanoate)-4-benzylidene-imidazolidin-2-one (15a) Using the representative procedure for the synthesis of imidazolidin-2-one 2, azapropargylglycine 14a (50 mg, 0.09 mmol) was reacted with NaH (9 mg, 0.224 mmol) in 1 mL of anhydrous acetonitrile for 12 h, and the product was purified with silica gel chromatography using 30% Et 2 O in petroleum ether to give 15a as a yellow oil (34. 13 C NMR (100 MHz, CDCl 3 ) δ 167. 8, 158.9, 157.2, 137.9, 137.4, 135.7, 134.6, 132.3, 129.6, 129.1, 128.9, 128.8, 128.7, 128.2, 128.1, 127.7, 127.6, 126.3, 126.1, 98.5, 81.5, 57.8, 52.9, 34.1, 27.7. IR (neat): 1734 8, 158.9, 157.2, 137.9, 137.4, 135.7, 134.6, 132.3, 129.6, 129.1, 128.9, 128.8, 128.7, 128.2, 128.1, 127.7, 127.6, 126.3, 126.1, 98.5, 81.5, 57.8, 52.9, 34.1, 27.7. IR (neat): , 1701 8, 158.9, 157.2, 137.9, 137.4, 135.7, 134.6, 132.3, 129.6, 129.1, 128.9, 128.8, 128.7, 128.2, 128.1, 127.7, 127.6, 126.3, 126.1, 98.5, 81.5, 57.8, 52.9, 34.1, 27.7. IR (neat): , 1674 8, 158.9, 157.2, 137.9, 137.4, 135.7, 134.6, 132.3, 129.6, 129.1, 128.9, 128.8, 128.7, 128.2, 128.1, 127.7, 127.6, 126.3, 126.1, 98.5, 81.5, 57.8, 52.9, 34.1, 27.7. IR (neat): , 1408 8, 158.9, 157.2, 137.9, 137.4, 135.7, 134.6, 132.3, 129.6, 129.1, 128.9, 128.8, 128.7, 128.2, 128.1, 127.7, 127.6, 126.3, 126.1, 98.5, 81.5, 57.8, 52.9, 34.1, 27.7. IR (neat): , 1368 8, 158.9, 157.2, 137.9, 137.4, 135.7, 134.6, 132.3, 129.6, 129.1, 128.9, 128.8, 128.7, 128.2, 128.1, 127.7, 127.6, 126.3, 126.1, 98.5, 81.5, 57.8, 52.9, 34.1, 27.7. IR (neat): , 1278 8, 158.9, 157.2, 137.9, 137.4, 135.7, 134.6, 132.3, 129.6, 129.1, 128.9, 128.8, 128.7, 128.2, 128.1, 127.7, 127.6, 126.3, 126.1, 98.5, 81.5, 57.8, 52.9, 34.1, 27.7. IR (neat): , 1154 : 558.2751. The enantiomeric ratio (73:27) was determined by SFC analysis on chiral stationary phase (Chiralcel OJ-H 25 cm, 5% iPrOH, 3mL/min, 35°C, 150bar, Rt (minor) 9.2 min, Rt (major) 11.2 min.
(2'R, 4Z)-1-((Diphenylmethylene)amino)-3-(tert-butyl-3'-phenyl-2'-propanoate)-4-(pmethoxybenzylidene)imidazolidin-2-one (15b)
Using the representative procedure for the synthesis of imidazolidin-2-one 2, azapropargylglycine 14b (192 mg, 0.327 mmol) was reacted with NaH (39 mg, 0.98 mmol) in 2 mL of anhydrous acetonitrile for 12 h, and the product was purified with silica gel chromatography using 30% Et 2 O in petroleum ether to give 15b as a yellow oil (19 mg, 10%): R f 0. 3.12 (1H, dd, J = 4.8, 13.9 Hz), m), 3.57 (1H, dd, J = 1.6, 13.4 Hz), 3.83 (3H, s), 4.34 (1H, dd, J = 4.9, 11.0 Hz), 4.92 (1H, s), 6.78 (2H, d, J = 8.5 Hz), 6.88 (2H, d, J = 8.5 Hz), m), m), m), m), m) .
13
C NMR (100 MHz, CDCl 3 ) δ 168.6, 159.4, 158.7, 158.0, 138.7, 138.2, 136.5, 132.4, 130.6, 130.3, 129.9, 129.6, 129.0, 128.8, 128.5, 128.4, 127.5, 126.8, 113.9, 98.9, 82.2, 58.3, 55.7, 53.6, 34.9, 28.4. IR (neat): 1732 , 1676 , 1509 , 1368 , 1285 , 1244 , 1152 , 750, 693. HRMS m/z 588.2866 + calcd for [C 37 H 38 9H, s), 3.12 (1H, dd, J = 4.6, 13.9 Hz), m), 3.59 (1H, dd, J = 1.49, 13.5 Hz), 4.23 (1H, dd, J = 4.7, 11.0 Hz), 4.91 (1H, s), m), m), m), m), m) . The cis double bond geometry was ascertained by 2D NMR spectroscopy (COSY).
13 C NMR (100 MHz, CDCl 3 ) δ 168. 4, 163.1, 160.7, 160.1, 157.9, 138.6, 138.2, 136.4, 133.4, 131.3, 131.1, 130.4, 129.8, 129.7, 129.6, 129.0, 128.9, 128.5, 126.9, 115.5, 115.4, 98.0, 82.5, 58.7, 53.6, 34.9, 28.4. IR (neat): 1731 4, 163.1, 160.7, 160.1, 157.9, 138.6, 138.2, 136.4, 133.4, 131.3, 131.1, 130.4, 129.8, 129.7, 129.6, 129.0, 128.9, 128.5, 126.9, 115.5, 115.4, 98.0, 82.5, 58.7, 53.6, 34.9, 28.4. IR (neat): , 1675 4, 163.1, 160.7, 160.1, 157.9, 138.6, 138.2, 136.4, 133.4, 131.3, 131.1, 130.4, 129.8, 129.7, 129.6, 129.0, 128.9, 128.5, 126.9, 115.5, 115.4, 98.0, 82.5, 58.7, 53.6, 34.9, 28.4. IR (neat): , 1367 4, 163.1, 160.7, 160.1, 157.9, 138.6, 138.2, 136.4, 133.4, 131.3, 131.1, 130.4, 129.8, 129.7, 129.6, 129.0, 128.9, 128.5, 126.9, 115.5, 115.4, 98.0, 82.5, 58.7, 53.6, 34.9, 28.4. IR (neat): , 1226 4, 163.1, 160.7, 160.1, 157.9, 138.6, 138.2, 136.4, 133.4, 131.3, 131.1, 130.4, 129.8, 129.7, 129.6, 129.0, 128.9, 128.5, 126.9, 115.5, 115.4, 98.0, 82.5, 58.7, 53.6, 34.9, 28.4. IR (neat): , 1151 02-7.04 (2H, m), 7.11-7.16 (1H, m), 7.22-7.28 (4H, m), 7.33-7.44 (6H, m), 7.65-7.67 (2H, m), 7.85 (2H, d , J = 8.3 Hz).
13 C NMR (100 MHz, CDCl 3 ) δ 168.0, 166.3, 164.3, 150.0, 141.1, 138.1, 137.4, 135.0, 130.6, 129.6, 129.5, 129.1, 128.8, 128.6, 128.3, 128.1, 126.6, 121.0, 107.3, 82.3, 60.9, 58.2, 35.1, 30.8, 27.9, 14.4. IR (neat): 1705 168.0, 166.3, 164.3, 150.0, 141.1, 138.1, 137.4, 135.0, 130.6, 129.6, 129.5, 129.1, 128.8, 128.6, 128.3, 128.1, 126.6, 121.0, 107.3, 82.3, 60.9, 58.2, 35.1, 30.8, 27.9, 14.4. IR (neat): , 1445 168.0, 166.3, 164.3, 150.0, 141.1, 138.1, 137.4, 135.0, 130.6, 129.6, 129.5, 129.1, 128.8, 128.6, 128.3, 128.1, 126.6, 121.0, 107.3, 82.3, 60.9, 58.2, 35.1, 30.8, 27.9, 14.4. IR (neat): , 1405 168.0, 166.3, 164.3, 150.0, 141.1, 138.1, 137.4, 135.0, 130.6, 129.6, 129.5, 129.1, 128.8, 128.6, 128.3, 128.1, 126.6, 121.0, 107.3, 82.3, 60.9, 58.2, 35.1, 30.8, 27.9, 14.4. IR (neat): , 1273 168.0, 166.3, 164.3, 150.0, 141.1, 138.1, 137.4, 135.0, 130.6, 129.6, 129.5, 129.1, 128.8, 128.6, 128.3, 128.1, 126.6, 121.0, 107.3, 82.3, 60.9, 58.2, 35.1, 30.8, 27.9, 14.4. IR (neat): , 1153 168.0, 166.3, 164.3, 150.0, 141.1, 138.1, 137.4, 135.0, 130.6, 129.6, 129.5, 129.1, 128.8, 128.6, 128.3, 128.1, 126.6, 121.0, 107.3, 82.3, 60.9, 58.2, 35.1, 30.8, 27.9, 14.4. IR (neat): , 1102 Using the representative procedure for the synthesis of imidazolidin-2-one 2, azapropargylglycine 14e (431 mg, 0.689 mmol) was reacted with NaH (69 mg, 1.72 mmol) in 6 mL of anhydrous acetonitrile for 12 h, and the product was purified with silica gel chromatography using a gradient from 10-40 % Et 2 O in petroleum ether to give 15e and 16e as yellow oils. 13 C NMR (100 MHz, CDCl 3 ) δ 168.1, 160.9, 157.6, 138.4, 138.0, 136.4, 136.3, 134.4, 132.9, 130.5, 129.7, 129.6, 129.1, 128.9, 128.8, 128.6, 128.5, 127.0, 126.2, 123.7, 97.2, 82.7, 58.8, 53.6, 53.6, 35.0, 30.1, 28.3, 24.3. IR (neat): 1739 160.9, 157.6, 138.4, 138.0, 136.4, 136.3, 134.4, 132.9, 130.5, 129.7, 129.6, 129.1, 128.9, 128.8, 128.6, 128.5, 127.0, 126.2, 123.7, 97.2, 82.7, 58.8, 53.6, 53.6, 35.0, 30.1, 28.3, 24.3. IR (neat): , 1672 160.9, 157.6, 138.4, 138.0, 136.4, 136.3, 134.4, 132.9, 130.5, 129.7, 129.6, 129.1, 128.9, 128.8, 128.6, 128.5, 127.0, 126.2, 123.7, 97.2, 82.7, 58.8, 53.6, 53.6, 35.0, 30.1, 28.3, 24.3. IR (neat): , 1368 160.9, 157.6, 138.4, 138.0, 136.4, 136.3, 134.4, 132.9, 130.5, 129.7, 129.6, 129.1, 128.9, 128.8, 128.6, 128.5, 127.0, 126.2, 123.7, 97.2, 82.7, 58.8, 53.6, 53.6, 35.0, 30.1, 28.3, 24.3. IR (neat): , 1329 160.9, 157.6, 138.4, 138.0, 136.4, 136.3, 134.4, 132.9, 130.5, 129.7, 129.6, 129.1, 128.9, 128.8, 128.6, 128.5, 127.0, 126.2, 123.7, 97.2, 82.7, 58.8, 53.6, 53.6, 35.0, 30.1, 28.3, 24.3. IR (neat): , 1154 160.9, 157.6, 138.4, 138.0, 136.4, 136.3, 134.4, 132.9, 130.5, 129.7, 129.6, 129.1, 128.9, 128.8, 128.6, 128.5, 127.0, 126.2, 123.7, 97.2, 82.7, 58.8, 53.6, 53.6, 35.0, 30.1, 28.3, 24.3. IR (neat): , 1122 160.9, 157.6, 138.4, 138.0, 136.4, 136.3, 134.4, 132.9, 130.5, 129.7, 129.6, 129.1, 128.9, 128.8, 128.6, 128.5, 127.0, 126.2, 123.7, 97.2, 82.7, 58.8, 53.6, 53.6, 35.0, 30.1, 28.3, 24.3. IR (neat): , 1072 164.4, 150.5, 138.5, 137.8, 137.1, 135.2, 132.5, 131.1, 129.9, 129.7, 129.5, 129.2, 129.1, 129.0, 128.9, 128.5, 127.1, 125.8, 124.1, 121.7, 107.6, 82.9, 58.6, 35.6, 31.0, 30.1, 28.3. IR (neat): 1696 , 1408 , 1328 , 1153 , 1120 , 1074 , 750, 694. HRMS m/z 626.2638 + calcd for [C 37 H 35 Using the representative procedure for the synthesis of imidazolidin-2-one 2, azapropargylglycine 14f (250 mg, 0.359 mmol) was reacted with NaH (36 mg, 0.89 mmol) in 3 mL of anhydrous acetonitrile for 12 h, and the product was purified with silica gel chromatography using 30% Et 2 O in petroleum ether to give 15f as a yellow oil (101 mg, 40%): R f 0. 45 (6:4 6, 159.6, 157.9, 149.9, 138.7, 138.1, 136.5, 135.6, 135.3, 130.8, 130.4, 129.8, 129.7, 129.0, 128.9, 128.6, 128.5, 126.7, 125.2, 124.6, 123.11, 120.6, 115.5, 114.7, 88.3, 84.3, 82.5, 57.8, 53.6, 34.9, 28.6, 28.3. IR (neat): 1726 , 1685 , 1450 , 1367 , 1150 + calcd for [C 43 8, 172.4, 151.8, 137.9, 137.1, 133.0, 130.6, 129.6, 129.3, 129.1, 128.7, 127.6, 120.7, 108.7, 58.7, 35.2, 9.9. IR (neat): 2928 8, 172.4, 151.8, 137.9, 137.1, 133.0, 130.6, 129.6, 129.3, 129.1, 128.7, 127.6, 120.7, 108.7, 58.7, 35.2, 9.9. IR (neat): , 1655 8, 172.4, 151.8, 137.9, 137.1, 133.0, 130.6, 129.6, 129.3, 129.1, 128.7, 127.6, 120.7, 108.7, 58.7, 35.2, 9.9. IR (neat): , 1446 8, 172.4, 151.8, 137.9, 137.1, 133.0, 130.6, 129.6, 129.3, 129.1, 128.7, 127.6, 120.7, 108.7, 58.7, 35.2, 9.9. IR (neat): , 1277 8, 172.4, 151.8, 137.9, 137.1, 133.0, 130.6, 129.6, 129.3, 129.1, 128.7, 127.6, 120.7, 108.7, 58.7, 35.2, 9.9. IR (neat): , 1162 13 C NMR (100 MHz, CDCl 3 ) δ 197.9, 172.3, 172.0, 157.4, 157.0, 151.9, 137.9, 137.3, 134.8, 133.1, 130.6, 129.9, 129.4, 129.3, 129.2, 129.0, 128.8, 127.7, 124.3, 117.2, 114.4, 109.9, 58.9, 35.4, 35.3, 30.8. IR (neat): 3028, 1655 197.9, 172.3, 172.0, 157.4, 157.0, 151.9, 137.9, 137.3, 134.8, 133.1, 130.6, 129.9, 129.4, 129.3, 129.2, 129.0, 128.8, 127.7, 124.3, 117.2, 114.4, 109.9, 58.9, 35.4, 35.3, 30.8. IR (neat): 3028, , 1447 197.9, 172.3, 172.0, 157.4, 157.0, 151.9, 137.9, 137.3, 134.8, 133.1, 130.6, 129.9, 129.4, 129.3, 129.2, 129.0, 128.8, 127.7, 124.3, 117.2, 114.4, 109.9, 58.9, 35.4, 35.3, 30.8. IR (neat): 3028, , 1277 197.9, 172.3, 172.0, 157.4, 157.0, 151.9, 137.9, 137.3, 134.8, 133.1, 130.6, 129.9, 129.4, 129.3, 129.2, 129.0, 128.8, 127.7, 124.3, 117.2, 114.4, 109.9, 58.9, 35.4, 35.3, 30.8. IR (neat): 3028, , 1162 
